Fusobacterium necrophorum septicemia in a lamb: pathologic and microbiologic characterization
José A. Ramos-Vara, Joseph Rook, Charles M. Scanlan, Frank Mugli, Behzad Yamini Fusobacterium necrophorum, an obligate anaerobic, gramnegative, pleomorphic bacterium, has been isolated from bovine and ovine liver abscesses, bovine foot rot, ovine contagious foot rot, ovine infective bulbar necrosis, the laryngeal lesions of calf diphtheria, necrotic rhinitis of swine, and neonatal septicemic conditions. 6 Two pathogenic biovars of F. necrophorum (A, B) have different enzymatic, hemolytic, and hemoagglutinant activities. 3, 14 In 1991, biovars A and B were reclassified as F. necrophorum subsp. necrophorum and F. n. subsp. funduliforme, respectively. 15 In 1990, the nonpathogenie biovar C, which does not have hemoagglutinant or hemolytic activities, was classified as F. pseudonecrophorum. 16 A 6-day-old crossbred male lamb with a history of weakness was presented to the Animal Health Diagnostic Laboratory for necropsy. On gross examination, the carcass was thin. The liver was enlarged and had multiple well-demarcated to coalescing 2-10-mm-diameter yellowish foci with a caseous consistency throughout the parenchyma (Fig. 1) . On cut section, the wall of the rumen had a 5-x 7-cm thickened area with a yellowish red, dry appearance and was very friable (Fig. 2) . Segments of the omentum were attached to the serosal surface of the rumen in the affected areas. No other gross lesions were observed.
Microscopically, the liver had multifocal to coalescing nonencapsulated areas of eosinophilic and amorphous material admixed with cellular debris (caseous necrosis) with minimal inflammatory reaction ( Fig. 3 ). There were numerous colonies of gram-negative filamentous bacilli and occasional cocci in the periphery of the necrotic areas (Fig. 4) . The adjacent sinusoids contained lymphocytes and neutrophils, and sinusoidal cells were prominent. The wall of the rumen in the grossly affected area had ulcerations and full-thickness ne- Liver, lamb. Multiple caseous nodules are seen on the crosis (Fig. 5 ). The margins of the necrotic tissue contained numerous colonies of gram-negative filamentous bacilli and aggregates of gram-positive cocci and coccobacilli. Numerous degenerated leukocytes were at the periphery of the ulcer. There was fibrinoid necrosis of the vessels at the base of the ulcer with occasional fibrin thrombi and filamentous bacteria invading the wall. The left ventricle of the heart had multifocal areas of necrosis and suppuration with intralesional filamentous bacilli ( Fig. 6 ). Other microscopic lesions were multifocal fibrinosuppurative pleuritis and thymic lymphoid depletion. Electron microscopy of the liver lesions revealed numerous 1-2.5-µm-long rods with morphologic characteristics of gram-negative bacteria and straight or blunt borders. The organisms were located both within hepatocytes and free in the interstitium.
For bacterial isolation, plates of enriched brain-heart infusion blood agar containing samples from necrotic hepatic foci were incubated in an anaerobic glove box with an atmosphere of 80% nitrogen, 10% carbon dioxide, and 10% hydrogen at 37 C for 48 hours. Each isolate was biotyped as previously described 1,3 and evaluated for enzyme activities 14 using a semiquantitative enzymatic system. a Each isolate had the phenotypic, biologic, and enzymatic characteristics of F. necrophorum subsp. necrophorum.
Although several reports have been published regarding F. necrophorum infections in sheep, detailed descriptions of the lesions and characteristics of the isolates are not available for lambs < 1 week of age . 2, 4, 5, 7, 8, 12 The hepatic lesions in the present case resemble those previously reported. 11,12 Fusobacterium necrophorum is a common inhabitant of the environment of farm animals, and the routes of infection in lambs are considered similar to those in cattle. Vascular drainage from the primary lesion (omphalitis or rumenitis) leads to localization in the liver. 10 In the lamb in this report, the route of infection was believed to be ruminal, with dissemination to the liver and other organs. This hypothesis is supported by the lack of evidence of navel infection and the type of lesions found in the rumen and liver. The rumen had a severe inflammatory reaction associated with the presence of filamentous bacteria in addition to vasculitis and throm- bosis. Hepatic lesions had minimal inflammation, suggesting more recent onset than in the rumen. However, attempts to isolate F. necrophorum from the ruminal lesion were unsuccessful. In this lamb, the presence of areas of necrosis and inflammation in the myocardium were suggestive of septicemia. Cardiac lesions have not been described, 6 and septicemic conditions due to F. necrophorum infection are uncommon in domestic species. 9 The primary cause for the development of the ruminal lesions could not be determined, but other infectious agents dispose to this disease. 5, 7, 8 In a recent study, lesions produced by F. necrophorum in ovine livers were similar to bovine liver abscesses caused by or feeding practices might pre-6.
F. necrophorum, but unlike in cattle, F. n. subsp. fundilforme was isolated more frequently than was F. n. subsp. necrophorum. In cases where other bacteria were isolated, Escherichia coli and Clostridium perfringens were the most common organisms. 11 In this lamb, F. n. subsp. necrophorum but not F. n. subsp. fundiliforme was isolated from the liver, along with coliforms, Streptococcus, and C. perfringens. In hepatic lesions of cattle, F. n. subsp. necrophorum is generally isolated in pure culture, whereas F. n. subsp. fundiliforme is usually found in mixed culture with other bacteria. 13 In this report, we describe the lesions and microbiologic studies of septicemic necrobacillosis in a lamb. Necrobacillosis should be considered in the differential senticemic conditions in neonatal lambs. diagnosis of Figure 6 . Heart, lamb. There is an area of necrosis (delimited Heart, lamb. There is an area of necrosis (delimited by arrowheads) containing filamentous organisms that is surrounded by a mixed inflammatory infiltrate. HE, 50 x .
Tyzzer's disease is a naturally occurring fatal infection of young animals that has been reported in a number of wild, domestic, and laboratory animals. 1, 2, [7] [8] [9] 11, 14, 15 In this paper, we describe a case of naturally occurring Tyzzer's disease that caused enteritis, hepatitis and myocarditis in a African serval (Felis capensis).
A 3-week-old female serval kitten was submitted to the Livestock Disease Diagnostic Center for necropsy examination. The serval is an African wild cat with a black-spotted tawny coat, long legs, and no ear tufts. This kitten was one of 6 in the litter. Three kittens died at birth. At 1 week of age, the remaining 3 kittens were weaned and placed in an incubator. At 3 weeks of age, 2 kittens died suddenly with no clinical signs. Received for publication March 14, 1996. A necropsy was performed 8 hours after the kitten's death. Gross lesions were limited to the gastrointestinal tract and consisted of curdled milk in the stomach and white intestinal content. Specimens of the small intestine, colon, liver, kidney, heart, brain, lung, pancreas, and urinary bladder were fixed in buffered neutral 10% formalin and sectioned at 6 µm. All sections were stained with hematoxylin and eosin (HE). Liver, heart, and intestine were stained with Warthin-Starry and Gömöri's methenamine silver stains.
Histologically, the hepatic lesions consisted of mild diffuse congestion and several discrete round, necrotic foci of various sizes (Fig. 1 ). The necrotic areas were composed of homogeneous eosinophilic material, strands of fibrin, erythrocytes, necrotic cellular debris, and mononuclear cells. The periphery of some of the necrotic foci was infiltrated with neutrophils. A few focal areas of myofiber degeneration accompanied by neutrophilic infiltration were present in the heart (Fig. 2) . The small intestinal lesions included focal areas of necrosis and ulceration, loss of crypts, slightly dilated cystic
